Abstract. Ti-doped barium ferrite nanoparticles was prepared by Sol-Gel method. Barium ferrite was doped by Ti without any change of the lattice structure, but the particle size was changed greatly. BaFe 12-x Ti x O 19 /PANI nanocomposites was synthesized by in situ polymerization. The FTIR spectra shows that there is an interaction between barium and polyaniline chains. Ti-doping changed the electromagnetic parameters of BaFe 12 O 19 /PANI nanocomposites and enhanced it's microwave absorption property. BaFe 11.6 Ti 0.4 O 19 /PANI nanocomposites has the largest microwave absorption of -42.9dB at 14.8 GHz with the thickness of 2mm. When the absorbing coating thickness is in the scope of 2 mm to 4 mm, the reflection loss is below -10 dB in frequency range of 5.5~17.8 GHz, means the nanocomposites can absorb electromagnetic waves effectively.
Introduction
Microwave absorbing materials are used in aerospace aircraft, military vessels, land military vehicles and ground launch facility, even on the tower used to civil building, bridge [1] [2] [3] . Absorbing materials need to meet the requirement of strong absorption, wide band and low density, but a single material meets this requirement difficultly. Nano, doping and composite absorbing materials will get conform to the requirements of electromagnetic parameters. That's the development direction of absorbing material [4] . Hexagonal M type barium ferrite (BaFe 12 O 19 ) has large magnetocrystalline anisotropy, high Curie temperature, large magnetic saturation intensity, good chemical stability and corrosion resistance [4] [5] [6] . Barium ferrite absorbs electromagnetic waves mainly rely on natural resonance [7] [8] , so the absorption band is narrow. At the same time, it exists shortcomings which are big density and small dielectric constant. Therefore, the single barium ferrite is very difficult to meet the application requirement of absorbing materials [9] [10] [11] . Transition metal doped of barium ferrite could change its magnetic [12] [13] [14] , making it has better absorbing performance. Polyaniline (PANI) is a kind of conductive polymers. It is widely used in the field of absorbing [15] [16] as it has a simple synthesis, high chemical stability, etc. Although polyaniline's dielectric loss is bigger on microwave, the impedance matching does not look good. Compounding barium ferrite with polyaniline can make up for the shortcomings of each other for better absorbing performance. Titanium doping can change the magnetic energy of barium ferrite to improve the absorbing properties of the composites.
First we prepared titanium doped barium ferrite(BaFe 12-x 
Experiment
A certain amount of barium nitrate and ferric nitrate in accordance with the molar ratio of metal ions at 1:11.5 to dissolve in deionized water, add citric acid at molar ratio of 2:1 to metal ions, continue to stir it for half an hour and get the solution (1).Weigh tetrabutyl titanate according to the stoichiometric ratio of titanium and barium ion, add anhydrous ethanol, after mixing, the citric acid was added to 2:1 with molar ratio of four butyl titanate, continue to stir for half an hour to get the solution (2) . Put solution (2) in to solution (1)slowly under magnetic stirring until they mixing evenly. Adjust the new solution to neutral with ammonia solution.Put the solution in the constant temperature water-bath water at 80℃ to evaporate dehydrated, continue to stir until it becomes very sticky colloid solution. Put the colloid in the drying oven at 120℃ for 24h, calcine it at 210℃ for 90 min in the tube furnace after grinding with mortar, take it out and regrind, calcine it at 450℃ in the tube furnace for 2h, calcine it at 1100℃ for 5h, natural cooling to room temperature, then we can get the BaFe 12 -x Ti x O 19 powder.
Add 1g BaFe 12-x Ti x O 19 and 2g aniline to 200 ml HCl solution of 1 mol/L, mechanical mix 30 min in the ice water bath, get the suspensions dispersed evenly. Add 1 mol/L HCl solution which contain 5.4g ammonium sulfite to the suspension, ultrasonic processing it for 30 min, continue to stir it in the ice water bath for 8h to complete oxidize and polymeric reaction. Wash the solution three times respectively by distilled water and alcohol after drawing and filtering, dry it in the vacuum at 60℃ for 24 hours, then we get BaFe 12-x Ti x O 19 /PANI composite materials. Polyaniline monomer can be prepared with the above method in the case of not add BaFe 12-x Ti x O 19 .
Analyze the composite materials with D/Max-2400 X-ray diffractometer and Thermo SCIENTIFIC of NICOLET iS10 type infrared spectrometer. Scanning sample morphology, particle size and distribution with JEOLJEM-200-CX field emission scanning electron microscope. After mixing samples and paraffin wax at mass ratio of 2:1, Pressing it to a ring which the inner diameter is 3mm, the outside diameter is 7mm and the thickness is 3mm. Measuring it's dielectric constant and magnetic permeability in the range of 1-18GHz frequency with N5242A PNA-X vector network analyzer to calculate the wave absorption performance of the sample. Fig. 1 it can be observed that polyaniline has diffraction peaks at 20.76° and 25.98°. The two angles respectively correspond to the direction of the chain in parallel and perpendicular periodic distribution of polyaniline [4] . XRD patterns of BaFe 12-x Ti x O 19 /PANI composites has obvious barium ferrite crystalline phase. It shows that barium ferrite lattice structure is not changing that titanium doped [17] . At the same time, we found some very faint amorphous diffraction peak at 20.4° and 26.4°, maybe it's the diffraction peak of polyaniline and the peak intensity is not obvious in the XRD patterns.The crystallinity of BaFe 12-x Ti x O 19 is very high at 1100℃ and the diffraction peak is stronger and sharpper than polyaniline. The infrared absorption peaks of polyaniline at 1556 cm -1 and 1476cm -1 ( fig.2 ), corresponding to absorption peaks of N=Q=N of quinone ring and N-B-N on the benzene ring [18] . It's C-N stretching vibration absorption peak on the benzene ring at 1294cm -1 . The N=Q=N mode vibration absorption peak [19] of doped polyaniline at 1121cm -1 , C-H plane bending vibration of the benzene ring 1,4 replaced at 791cm -1 . In addition to the infrared absorption spectrum of polyaniline, there are infrared absorption peaks of BaFe 12-x Ti x O 19 /PANI composites at 428cm -1 and 578cm -1 [6, 20] , It's elastic vibration absorption peaks of metal ions and oxygen in barium ferrite. The infrared absorption peaks of polyaniline composites has a slight blue shift compared with polyaniline monomer.
Results and Discussion
Explaining that Ti doped into the lattice of barium ferrite replaced part of the Fe atoms, and BaFe 12-x O 19 is the largest in the range of 600nm-1.2um. Because the titanium ion becomes nucleation center as impurity atom, and a small amount of titanium doped can increase the nucleation rate, so a lot of small particles generated. Barium ferrite will produce larger lattice distortion when too much titanium doped which reduces the stability of the lattice and improves the reactivity of particle, the growth rate of particles increased. High doped effects more greatly to improve the grain growth rate than the nucleation rate, the particle size obviously increased. Fig. 4a is a scanning electron microscopy(SEM) image of BaFe 11.6 Ti 0.4 O 19 /PANI composites. It can be seen that there is a layer of polyaniline adhered on the surface of the barium ferrite particles in the figure. Fig. 4b is transmission electron microscopy(TEM) images of BaFe 11.6 Ti 0.4 O 19 /PANI composites. The image displays that the barium ferrite is coated by outer polyaniline.The formation of this structure may be caused by in situ polymerization process. Polyaniline gathered on the surface of barium ferrite nanoparticles which as a nucleation center after oxidative polymerization [17] . c is the propagation velocity of electromagnetic wave in free space, f is the frequency of electromagnetic waves and d is the thickness of the absorbing material. Fig. 6 shows the reflection loss of BaFe 12-x Ti x O 19 /PANI composites at absorbing coating thickness of 2.5 mm. It can be seen that the amount of titanium doped has a great effect on reflection loss of the composites. The composite material absorbing performance improved after titanium doped to the analysis of the electromagnetic parameter. This is because the material absorbing electromagnetic waves needs two process. First, absorbing material needs to get the impedance matching with the free space, in order to avoid the reflection of electromagnetic wave on it's surface, making more electromagnetic wave into the material inside. Second, the material needs to put electromagnetic energy that into the internal into other forms of energy to. This needs the material a certain loss ability. Titanium doped can adjust the electromagnetic parameters of composite materials, the moderate amount of titanium doped can make materials and impedance matching better with the free space, making more electromagnetic wave into the material internal to dissipate, therefore the absorbing properties improved [4] . This implies that good absorbing material is provided with impedance matching and larger loss ability at the same time. Titanium doping of the transition element is an effective method to improve the absorbing performance of BaFe 12 O 19 /PANI composites. can be seen that with the increase of absorbing coating thickness, the frequency corresponding to the maximum reflection loss moving to low-frequency area. The nanocomposites has the largest microwave absorption of -42.9dB at 14.8 GHz with the thickness of 2mm. This is because that the material gets the best impedance matching with the free space at the frequency [5] . When the absorbing coating thickness is in the scope of 2 mm to 4 mm, the reflection loss is below -10 dB in frequency range of 5.5~17.8 GHz, means the nanocomposites can absorb electromagnetic waves effectively. We can adjust the thickness of absorbing coatings according to the requirements of different frequency bands. The material can absorb multi-band electromagnetic waves effectively, with the preparation of low cost, good chemical stability. 
Conclusion
We prepared titanium doped barium ferrite/polyaniline nanocomposites absorbing materials with sol-gel method and in-situ polymerization. Titanium doping not only changes the grain size of barium ferrite, but also changes the electromagnetic parameters of barium ferrite/polyaniline composite material. improve the absorbing performance of the composite, The nanocomposites has the largest microwave absorption of -42.9dB at 14.8 GHz with the thickness of 2mm. When the absorbing coating thickness is in the scope of 2 mm to 4 mm, the nanocomposites can absorb electromagnetic waves effectively in frequency range of 5.5~17.8 GHz.
